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Abstract
Crew Resource Management (CRM) training programs have existed for more than a decade, yet
relatively few attempts have been made to assesstheir effectiveness using methodol ogically rigorous
designs. Of the studiesthat do exist, most are summative in nature. Curiously, much lessresearch has
examined the specific processes used by instructor/evaluators (I/ES) when making their eva uations of
crew-level CRM and technical proficiency. In the current study, data were collected from two
separate Line Oriented Evaluations (LOES) in order to compare instructor/evaluators rating
processes with the carrier's standard operating procedure (SOP). The data suggest that
instructor/evaluators were using the rating process as designed. Furthermore, the data al so suggest
that it isindeed possibleto link crew-level evaluations of CRM proficiency with specific, behavioral

indicators. Implications and directions for future research are discussed.
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Key Terms and Acronyms

Bartlett’s Test of Sphericity - A statistical test that determines whether or not there is a sufficient
number of non-zero correlations in a correlation matrix to warrant the use of exploratory factor
analysis. According to Tabachnick & Fidell (1996), the test may exhibit significant resultswith large
samples even if the item inter-correlations are rather low.

Crew Resource Management (CRM) - Theeffective use of all resources (human, informational, and
hardware) on the flight deck.

CRM Performance - An overdl, crew-level rating of leadership behaviors, teamwork skills,
situational awareness, interpersonal communication, and the utilization of al available forms of
information during the simulated flight. Effective CRM performanceis hypothesized to be correlated
with, but not identical to, effective technical performance.

Event Set (ES) - A relatively independent segment of asmulated flight. Each event set typically
includes atrigger, possible distractors, and environmenta conditions. By segmenting the flight into
more manageabl e units, event sets facilitate the evaluation of crew performance in the simulator.

Exploratory Factor Analysis (EFA) - A data reduction technique that reduces the correlations
among a set of variablesto amore parsimonious subset (for interpretation purposes). Thistechnique
is conceptualy similar to principa components analysis. However, unlike principal components
analysis, EFA analyzes only the shared variance among a set of items; unique variance for individual
itemsisignored. Typically, the genera term "factor analysis’ is used to describe both exploratory
factor analysis and principal components analysis.

Intra-Class Correlation (ICC) - A statistical procedure that is used to assess the relative amount of
between- and within-group variance in a measure. Intra-class correlations are scored on a metric
which rangesfrom zeroto one. A value of zero indicatesthat al the observed variance resideswithin
groups (e.g., there is no between-groups variability). Conversely, avaue of oneindicatesthat al of
the variance resides between groups (e.g., there is no within-groups variability). Typicaly, values
greater than .80 suggest that a variable is measured at the "group” level, as only 20 percent of the
observed variance can be attributed to individual differences within groups.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy - A statistical test that determines whether or
not thereis a sufficient number of non-zero correlationsin a correlation matrix to warrant the use of
exploratory factor analysis. Specifically, the measure of sampling adequacy compares the sum of the
squared correlations to the sum of the squared correlations plus the sum of the squared partial
correlations. Asthe partial correlations become smaller, the measure of sampling adequacy becomes
closer to a value of one. According to Tabachnick & Fidell (1996), values greater than .60 are
generally considered acceptable.
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Line Oriented Evauation (LOE) - Anevaluation of individual and crew performancein areal-time,
full-motion flight smulator, during which a flight is simulated from take-off to landing. In an LOE,
emphasis is placed on performance evaluation, rather than training. Although both CRM and
technical flight skills are evaluated during an LOE, there is a somewhat stronger emphasis on CRM
proficiency.

Line Operational Simulation (LOS) - The generic term for real-time, full-motion simulated flights.
Simulated flights of this nature can be used for performance evaluation (Maneuver Vaidation, Line
Oriented Evaluation), training (Line Oriented Flight Training), or other purposes (Specia Purpose
Operational Training).

MetaAndyss - An empiricad cumulation of the existing data regarding a single bivariate
relationship. Typicaly, the observed correlation from each study is corrected for range restriction and
measurement unreliability. The correlations are then weighted by the study's sample size. Findly, the
sample-weighted correlations are averaged across studies. The resulting value is often considered a
reasonable estimate of the true bivariate relationship in the total population.

Observable Behaviors - A set of specific tasks (on an LOE evaluation form) that acrew is expected
to perform if they are to meet the challenges posed in agiven event set. While thelist of observable
behaviorsis meant to represent the most important/common behaviorsfor agiven phase of flight, itis
by no means exhaustive.

Path Analysis - A series of multiple regression analyses that are used to test the plausibility of a
causal model. At each stage of the analysis, the dependent variable isregressed on all predictorsthat
are hypothesized to exert direct effects. Typically, path analyses are used to test whether the effect of
an independent variable on a dependent variable is fully- or partialy-mediated.

Pilot in Command (PIC) - An overdl, individual rating of the captain's performance in the
simulation, regardless of whether the captain is physically controlling the aircraft. PIC ratings are
hypothesized to be largely a function of the crew-level CRM ratings, as the captain is primarily
responsible for providing leadership behaviors, setting the tone of the cockpit, and initiating crew
briefings. PIC ratings are also hypothesized to be a function of technical proficiency, although to a
lesser extent.

Second in Command (SIC) - Anoverdl, individual rating of the first officer's performance in the
simulation, regardless of whether thefirst officer is physically controlling the aircraft. SIC ratingsare
hypothesized to be more influenced by CRM rather than technical proficiency, although to alesser
extent than the PIC ratings (as the first officer typically takes a less active role in managing the
cockpit).

Principal Components Analysis (PCA) - A datareduction technique that is conceptually similar to
exploratory factor analysis. Unlike exploratory factor analysis, however, PCA anayzes dl the
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variance in a correlation matrix. No attempt is made to partition variance into "common" and
"unique' components. According to Tabachnick & Fidell (1996), if the variables in a correlation
matrix contain little unique variance, the results from EFA and PCA will be similar.

Technical Performance - Anoveral, crew-level evaluation of behaviorsthat are directly related to
the physical operation of the aircraft. Technical performance is often referred to as "stick-and-
rudder" proficiency. An example would be the ability to land an aircraft under conditions of high
wind shear. Technica performance is hypothesized to be a necessary but insufficient precursor to
effective CRM performance.

Topic-Level Ratings - Topic-level ratings are conceptually similar to observable behaviors, however
they are specifically written to be less specific. Because topic-level ratings can be interpreted more
broadly by the instructor/evaluators (compared to observable behaviors), they are presumed to exert
fewer cognitive demands on the rater, thereby increasing the accuracy of the rating process. Topic-
level ratings were introduced as an aternative to observable behaviors.

Varimax Rotation - A statistical technique that is used to aid in the interpretation of a factor
analysis/principal components analysis solution. Varimax procedures rotate the factor axes such that
all variables tend to load high on one factor, and low on all of the others. Before using a varimax
rotation technique, it isincumbent on the researcher to show, either by means of theory or empirical
data, that the underlying factors are relatively independent of one another.
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Evaluation of the Rating Process used by Instructor/Evaluators
in aLine-Operational Simulation:

Preliminary Evidence of Interna Structure Validity

Inthe United States, commercia aviation remainsthe safest form of mass transportation. For
any given flight, it is estimated that the probability of survival is approximately 99.99 percent
(National Transportation Safety Board, 1994). Nevertheless, when accidents do occur, theresultsare
often disastrous. For example, at the time this document was being prepared, SwissAir flight 111 had
recently crashed off the coast of Nova Scotia, killing all 229 on board.

Given the precision and reliability of modern jet aircraft technology, mechanical causes of
aviation accidents are quiterare (see Helmreich & Foushee, 1993, for areview). Anaysesof archival
data suggest that the major cause of aviation accidents is human error on the flight deck (Boeing
Commercia Aircraft Group, 1994; National Transportation Safety Board, 1994). To reduce the
incidence of human error, and by extenson the number of accidents, the Federal Aviation
Administration (FAA) has recommended the implementation of Crew Resource Management (CRM)
training programs (Federa Aviation Administration, 1993).

Crew Resource Management Training

CRM training programs have been designed according to the principles of Human Factors, a
multi-disciplinary field that explores the interface between humans and machinesin complex systems.
The purpose of CRM training programs is to provide trainees with the knowledge and skill to
effectively mange al available resources, whether they be human resources, hardware resources, or

informational resources (Federal Aviation Administration, 1993). While early CRM programs
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focused exclusively on the behaviora styles of individua crew members (Lauber, 1984), recent
advances in CRM training have expanded their scope to include crew interactions with air traffic
control personndl, dispatchers, and maintenance technicians, aswell asthe proceduralization of CRM
skillswith briefings, checklists, and memory items (Helmreich et ., in press, Seamster et a., 1998).
In general, CRM training programs target three main knowledge/skill clusters. communication
processes and decisions; team building and maintenance; and workload management and situational
awareness (Federal Aviation Administration, 1993; Gregorich & Wilhelm, 1993). These skills are
typically trained using a combination of methods, such as lecture, group discussion, and role play.

Evaluation of CRM Training | nterventions

Unfortunately, relatively few studies have assessed the effectiveness of CRM training
interventions using methodologically rigorous designs. This is due, in part, to a number of
operational and statistical constraints associated with conducting large-scale field studies in the
aviation domain. In genera, validation studies of CRM training typically employ four types of
criterion measures: archival reports of aviation accidents/incidents, "objective" accident data, self-
reported crew attitudes, and ratings of crew performance in Line-Operational Smulation (LOS)
environments. Unfortunately, each data source is associated with its own unique problems.

Archival Reports. While NASA, the FAA, and individua carriers independently maintain

archiva databases that contain narrative descriptions of aviation accidents/incidents, such datais
typically not amenableto statistical analysis. Thisisdueto thefact that each accident/incident occurs
in a unique, multi-factor situation. Unfortunately, however, narrative reports are typically non-

standardized, thereby precluding meaningful comparisons among accidents/incidents (Kanki &
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Pamer, 1993). Furthermore, narrative reports are typicaly de-identified for security reasons
(Helmreich & Foushee, 1993). These constraints makeit virtually impossiblefor researchersto probe
for follow-up data, such as by linking accident/incident information with CRM training performance,
measures of organizational climate, or other relevant factors. Finally, because such reports are made
on avoluntary basis, they may reflect a biased sub-sample of those incidents which occur every year
(Helmreich, Merritt, & Wilhelm, in press; Kanki & Palmer, 1993).

Objective Accident Data. There are also anumber of operational problems associated with

theuseof "objective" accident dataasindicators of CRM training effectiveness. Given thelow base
rate of aviation accidents, it would be necessary to collect dataover the course of several yearsbefore
areasonable sample size could be accumulated (Helmreich & Foushee, 1993; National Transportation
Safety Board, 1994). Thisis problematic given the fact that the industry isin a constant state of
change, resulting in part from corporate mergers and the continual introduction of new technologies
on the flight deck. As a result, statistical results could be either masked/confounded by these
changing conditions, thereby rendering the findings inconclusive (Cook & Campbell, 1979).

Furthermore, given the time required to perform such a study, environmental conditions could
have changed to such a degree as to make the particular CRM training intervention obsolete even
before the evaluation had been completed. Ultimately, the evaluation of CRM training interventions
must be performed under relatively aggressive time frames, in order to provide results that are both
statistically interpretable and useful to carrier personnel.

Crew Attitudes. Given these constraints, much of the existing CRM research hasfocused on

crew attitudestowards CRM principlesand practices. For example, research conducted by Helmreich
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and colleagues (Helmreich, 1991; Helmreich & Foushee, 1993; Helmreich & Wilhelm, 1991) has
consi stently shown that crew members perceive CRM training as being both useful and relevant to the
operation of the flight deck. Nevertheless, it must be noted that crew members’ attitudes towards
CRM training do not necessarily imply the effective implementation of CRM behaviors on the flight
deck. While Helmreich and colleagues correctly note this limitation, they do suggest that crew
attitudes are an essentia first step in the evaluation of CRM training programs (Helmreich, 1984,
Helmreich & Foushee, 1993).

Although this argument is intuitively appealing, recent research suggests that this optimism
may be misplaced. For example, Alliger et a.’ s (1997) meta-analysis of training effectiveness suggests
that measures of perceived utility correlate only .26 with measures of immediate, declarative
knowledge, and .03 with changesin workplace behaviors. Therefore, thereis substantial evidenceto
suggest that attitudes toward CRM training may not be related to behaviora transfer on the fligh
deck. Furthermore, questions remain regarding the long-term stability of crew attitudes towards
CRM principles (Helmreich & Wilhelm, 1991). Given thelimitations of attitude and perceived utility
measures as predictors of line performance, many researchers have begun to explore more
behaviorally-based estimates of CRM training effectiveness.

Ratings of Crew Performance. To date, however, only two major studies have empirically

assessed the effectiveness of CRM training using crew performance data as the criterion of interest.
The first was performed by Clothier (1991). Using ateam of trained check airmen and academic
researchers, Clothier demonstrated consistent, positive relationships between crew attitudes and

performance ratings on fourteen separate measures of group process behavior.
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While encouraging, Clothier’ sresultsleave anumber of unanswered questions. First, given the
nature of the evaluation form/technique, it isimpossible to rule out alternative explanations, such as
halo error and/or priming effects, for the observed differencesin mean performance ratings (Cook &
Campbell, 1979). Second, the author only presented the results of statistical significancetests, rather
than their associated measures of effect size. Given the relatively large sample size employed, the
statistical significance tests were powerful enough to detect extremely small differences in
performance ratings (Cohen, 1988); differences which, athough statistically significant, may not be
practically different from zero. Finaly, the author's results only addressed the notion of mean
differences between the control and experimental groups. Much less emphasis was focused on the
specific behavioral processes that crew members performed, and the relationship between these
processes and overall crew-leve ratingsof performance. Y et, by ignoring the underlying processes, it

isdifficult to discern how crews use CRM principleson theline, or where future interventions should

be targeted to improve performance.

The second mgor study was performed by Holt et a. (1998). This multi-sample study
evaluated the effectiveness of aproceduralized CRM training intervention (ACRM) using converging
operations (see Seamster et al., 1998, for areview of ACRM training). First, trained and untrained
crewswere compared using comparableitems and rating standardsin an L OE environment. Second,
instructor/evaluators were surveyed regarding their overall impressions of the performance of trained
and untrained crews, with particular emphasis on crewsthat had transitioned from one fleet (the fleet
which did not receive training) to the other (the fleet which had received training). Third, jump-seat

evaluations of typical performance measures were collected. Although each study, when considered
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individually, contained methodol ogical flaws, taken together the three lines of research suggest that
the ACRM-trained crews performed both statistically and practically better than their untrained
counterparts.

The Current Study

Both the Clothier (1991) and Holt et al. (1998) studies employed between-group designsin
which trained crews were compared to untrained crews. Nevertheless, it is often desirable to make
within-fleet comparisons, for example when all crews have previously received CRM training. In
such studies, the emphasis shifts from the evaluation of crew performance to an assessment of the
rating process used by instructor/evaluators. For example, such analyses allow carrier personnel to
comparetheinstructor/evaluators' actual rating processesto the carrier-specific sandard operationa
procedure (SOP). At the same time, such analyses allow carrier personnel to identify the relative

strengths and weaknesses of agiven LOE, in order to improve the designs of future LOES. To date,

however, no published studies have addressed this issue.

Furthermore, the current study represents an initial attempt to address severa gapsin the
CRM evauation research base. First, heeding Gregorich and Wilhelm's (1993) call for moreresearch
concerning the impact of CRM training on crew behavior, ratings of actual crew performance were
conducted in afull-motion ssmulator. To reduce the impact of rater-induced errors (e.g., halo error,
priming effects), accountable measures were used (e.g., the evaluator was required to justify his/her
ratingsto the crew) and crew process datawere collected. Second, measures of effect sizewere used
to offset the problemstypically associated with traditional null-hypothesis significancetests. Finally,

datawere collected using two separate samples, in order to cross-validate the observed findings, and
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to make modifications to the original research design.

The analytical techniques presented in the current study were specifically chosen to serve as
basic data quality checks that all carriers can perform to determine if their evaluation process is
occurring as designed (e.g., carrier SOP). If the data suggest that the evaluation is proceeding as
designed, then carrier personnel can have greater confidence when analyzing the data using other
statistical techniques. However, if ratings are not being made in accordance with SOP, then carrier
personnel should be wary when interpreting the results of statistical tests based upon these data.

Method

This report analyzes the results of two field studies that were conducted approximately one
year apart. Both studiesinvolved the assessment of crew performancein aLine Oriented Evaluation
(LOE) setting. The Line Oriented Evaluations were designed according to standard regulatory and
industry practices (Federal Aviation Administration, 1990; Princeet al., 1993). Specifically, each LOE
was designed to simulate an actual flight from take-off to landing, during which crew members
assumed their typical flight roles. Each simulated flight was decomposed into six separate event sets
(ESs). Each event set represented a distinct phase of flight and included an environmental trigger,
specific behaviorsthat the crew were expected to perform, and a set of pre-defined rating criteria. It
must be noted that the event sets were developed for the evaluators' purposes only: to the crews
performing in the simulator, the LOE operated as an uninterrupted flight.

During the LOE, the instructor/evaluators concurrently performed three separateroles. First,
they interacted with the crew by role-playing the air traffic controller (ATC). Second, they

manipulated the physical conditions of the smulator, such asweather and physical malfunctions of the
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aircraft. Finaly, they evaluated the crew using a standardized evaluation form. Upon completion of
the LOE, the instructor/evaluator facilitated a debriefing of the crew members performance. These
debriefingslinked theinstructor/evalator’ s performance eval uations with specific, behaviora examples
by means of crew self-critique, instructor feedback, and the observation of videotaped performance
examples. At the completion of the debrief session, videotapes of crew performance were erased
according to standard industry and regulatory practices (Federal Aviation Administration, 1990).
Setting

Both studieswere performed at the sameinternational air carrier. All crewswerelinepilotsin
the Boeing 757 fleet, and were evaluated in a full-motion Boeing 757 aircraft simulator. This
simulator isaredistic facamile of aBoeing 757, and provides both real-time scrolling video aswell as
simulated movement. Asstated earlier, the crew members performed their typical flight dutiesduring
the simulated flight. While this was occurring, the instructor/eval uators manipulated the ssmulator,
interacted with the crew, and evaluated their performance.

Asthe LOE isa“jeopardy” evauation, the crews performance on the L OE determined their
flight status. For example, an LOE failure would typically result in an individual/crew being removed
from operationa flight dutiesfor one month. All participants were expected to exert maximal effort,
whichwould classify the LOE asameasure of maximal, rather than typical, task-related performance
(Duboiset al, 1993; Sackett et al., 1988). Therefore, we can expect the instructor/evaluators' ratings
of crew performanceto reflect the crew members maxima ability levels, although it isrecognized that
the observed results may not necessarily generalizeto typical performance ontheline. Nevertheless,

the primary emphasis of this study concerned an evaluation of the rating processes used by
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instructor/evaluatorsin an LOE environment. Asaresult, the generalization to crew performance on
the line remains an important, although secondary issue.
Participants

For this carrier, the Boeing 757 fleet had been trained under the FAA's Continuing
Qualification Program (CQP). Therefore, all crew members had received previoustraining in CRM
principles. Furthermore, virtualy al crew members had previoudy been evaluated in LOE
environments. Unfortunately, because of operational issues, it was impossible to link Pilot
| dentification Numbers (PIN numbers) to organizationally-maintained databases that contain other
crew-related information. Therefore, demographic characteristics of the crews, such as their mean
number of flight hours, could not be calcul ated.

During the first LOE (herein referred to as LOE Alpha), 636 crews were evaluated.
Approximately one year later, 837 crews were evaluated in the second LOE (herein referred to as
LOE Bravo). Becauseall Boeing 757 crew members are required to undergo recurrent eval uation on
ayearly basis, it islikely that there is substantial overlap between the two samples. Unfortunately,
because pilot PIN numbers were generated randomly each year, it wasimpossibleto link the two data
sets. Therefore, the exact proportion of overlap between the two samplesisimpossible to determine.
Asaresult, these two samples should not be considered completely independent. However, the two
LOEsweredissimilar with regard to content, asthey provided the crews with unique challenges that
required substantially different responses. This should serveto reduce theimpact of testing effectson
the observed results (Cook & Campbell, 1979).

Materias
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Data were collected by the instructor/evaluators using standardized rating forms. For each
event set, the instructor evaluator made three sets of ratings. The first set of ratings consisted of
either "observable behaviors' (LOE Alpha) or "topic-leve ratings' (LOE Bravo). Both setsof ratings
were made on a three point rating scale (1 = not observed, 2 = partially observed, 3 = fully
observed), and were developed by subject matter experts to reflect the knowledges, skills, and
abilities (KSAS) required to successfully face the challengesfor that particular event set. Observable
behaviors and topic-level ratings are conceptually similar to one another, with the exception that
topic-level ratings are somewhat more general than observable behaviors. For adetailed comparison

of topic-level ratings and observable behaviors (matched for event set content), see Table 1.

The switch from an "observable behavior” rating system (LOE Alpha) to a"topic-leve” rating
system (LOE Bravo) was made based upon operational considerations. Specifically, during the first
year of data collection, it was noted that the empirical relationships between observable behaviors
(LOE Alpha) and the other performance ratings were smaller than anticipated. Anecdota evidence,
based on interviews with instructor/evaluators, suggested that the low validitieswere dueto the high
level of cognitive workload faced by the instructor/evaluators in the smulator. To address this
problem, during the second year, fewer, more general "topic-level" ratings (LOE Bravo) were
substituted for the observable behaviors on the L OE assessment form. Nevertheless, both observable

behavior and topic-level ratings were assessed as crew level variables. These behavioraly-based
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ratings could be performed by either crew member, and regardiess of which crew member(s)
performed the observable behavior/topic, both crew members were assigned the same rating.

The second set of ratings consisted of crew-level ratings of CRM and technical performance.
These ratings were made on a four-point scale (1 = repeat required, 2 = below standard, 3 =
corporate standard, 4 = above standard). The processes for rating crew-level CRM and technical
performance ratings wereidentical acrossboth LOES. According to the carrier’ s standard operating
procedure, crew level CRM and technical performance ratings were to be contingent upon the crew
members behavioraly-based (observable behaviors or topic-level, depending on the LOE under
consideration) performanceratings. Asbefore, both crew memberswere assigned the same CRM and
technical performance ratings for a given event set.

The third and final set of ratings consisted of individual-level ratings of Pilot in Command
(PIC) and Second in Command (SIC) performance. While these ratings were conceptualized at the
individual level of analysis, anecdotal evidence suggests that they may contain a sizable crew-level
component. This is due to the fact that successful crew performance requires the effective
coordination of effort between the captain and the first officer. For example, it would not be
unexpected to observe a poor first officer "downgrading” his’her captain's performance rating,
because the captain was forced to compensate for the first officer's deficiencies. Therefore, thelevel
of analysis for PIC and SIC ratings was empirically tested using intra-class (ICC) correlations
(Howell, 1994).

For each event set, intra-class correlations between PIC and SIC ratings were computed. In

general, ICC valuestypically exceeded .70, suggesting a substantial degree of "crewness'. Whilethis
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isundesirable from an organizational perspective (asthese ratings were designed to assessindividual
proficiency), this has desirable statistical properties due to the fact that all variables are measured at
the same level of analysis.

The Rating Process

Carrier standard operating procedure dictatesthat for each event set, instructor/evaluators are
to use behavioral indices (observable behaviors or topic-level ratings) when making their crew-level
ratings of CRM and technical performance. While these behaviora indices are not meant to be an
exhaustive list of the required behaviors for each event set, they have been systematically devel oped
by subject matter experts to reflect the most common/important areas of behavior for the particular
phase of flight.

Next, the carrier standard operating procedure suggests that crew-level CRM and technical
performance ratings are to be used in making overall ratings for the captain (PIC) and first officer
(SIC). Asadl ratings can be conceptualized at the crew leve, path analytic techniques (Cohen &
Cohen, 1983; Pedhazur, 1982) were used to compare the rating processes used by
instructor/evauators to the corporate standard. Quite simply, if the instructor/evaluators were
making thelr ratings according to the standard operating procedure, it would be expected that, at each
stage of the path analysis, the predictor variables should account for both statistically and practically
significant amounts of variance in the criterion variables. The standard operating procedurefor rating
crew performance in the simulator is presented diagrammatically in Figure 1.

Insert Figure 1 about here
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As stated earlier, measures of effect size were estimated using standard path analytic
techniques. First, crew-level CRM and technical performance ratings were separately regressed onto
the behavioral indices (either the observable behaviors or topic-level ratings, depending on the LOE
under consideration). Next, Pilot in Command (PIC) and Second in Command (SIC) ratings were
separately regressed onto crew-level ratings of CRM and technical proficiency. At each stage, the
overall amount of variance accounted for was assessed by R? measures of effect size. Individua paths
wereindexed by means of squared semi-partial correlations, and weretested for statistical significance
using aconservative cutoff value (p < .01). Finaly, the modelsweretested using Baran and Kenny’s
(1986) three-step approach to determine if they represent partially or fully mediated relationships.

Given that each LOE contained six event sets, twelve separate path analyses were performed.
Means, standard deviations, and correlation matricesfor the six event sets (L OE Alpha) are provided

in Tables 2 though 7.
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Results

Before testing the congruence between the actual ratings and the carrier’ s standard operating
procedure for thefirst year of data collection, preliminary data checks were made via examination of
descriptive statistics and exploratory factor analyses. It should first be noted that the sample sizes
were severdly truncated due to the presence of missing data. For example, although over 600 crews
were assessed, listwise deletion procedures reduced our sample by almost fifty percent.

As can be seen in Tables 2 through 7, al variables were negatively skewed. Based on
statistical theory, this range restriction should attenuate the observed correlations and measures of
variance explained (Howell, 1994). There is some question as to whether this range restriction
represents astatistical artifact or atrue organizational phenomenon. Asthe LOE ratings were made
for administrative purposes, previous research would lead us to expect some form of leniency bias
(Kozlowski, Chao, & Morrison, 1998; Murphy & Cleveland, 1995). On the other hand, given that all
crew members were subject to rigorous selection techniques, had extensive experience/training, and
were familiar with LOE evaluation procedures, it would also be expected that most crew members
would meet or exceed the minimum carrier benchmark of proficiency. In either case, normally
distributed performance data were not expected (Murphy & Cleveland, 1995). Asit wasimpossibleto
disentangle these two competing hypotheses, corrections for range restriction were not performed.

Factor Structure. Next, principal components analyses were performed to better understand

the underlying data structure. First, the thirty-two observable behaviors (across all six event sets)
were factor analyzed using principal components analysiswith avarimax rotation”. Preliminary data

quality checks suggest that the correlation matrix contained a substantial number of non-zero
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correlations, and as such, was amenable to exploratory factor analyses. For example, the Kaiser-
Meyer-Olkin measure of sampling adequacy yielded avaue of .815, and Bartlett'stest of sphericity
yielded a value of 5816.242 (df = 496, p < .000). Both values fall within appropriate numerical
ranges, as suggested by Tabachnick & Fidell (1996). Principal components analyses suggested the
presence of ten components which accounted for approximately 62 percent of the observed variance.
The first component, which accounted for 21 percent of the observed variance, loaded highly on
observable behaviors from the "Descent” and "Approach" event sets. However, because of high
cross-loadings, the remaining components were virtually uninterpretable.

Next, principal components analyses were performed on the twelve crew-level CRM and
technical performance ratings (across the six event sets). Again, preliminary data quality checks
suggest that the correlation matrix was amenable to factoring. The Kaiser-Meyer-Olkin measure of
sampling adequacy yielded avalue of .798 and Bartlett's test of sphericity yielded avalue of 4769.678
(df =66, p <.000). Again, thesevaluesfall within acceptable mathematical ranges. Three principal
components emerged, accounting for approximately 57 percent of the observed variance. In general,
al itemsloaded on one, and only one component; asingle item had a cross-loading greater than .30.
Thefirst component included the CRM and technical ratingsfrom the"Cruise" and "Descent” event
sets. The second component included the CRM and technical ratings from the "Pre-Departure” and
"Taxi-Out" event sets. Thefinal component included the CRM and technical ratingsfor the"Climb"
and "Approach” event sets.

Finally, principal components analyses were performed on the twelve PIC and SIC ratings

(across the six event sets). Again, the correlation matrix exhibited desirable statistical properties,
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suggesting that it was amenable to exploratory factor analyses. The Kaiser-Meyer-Olkin measure of
sampling adequacy yielded avalue of .743 and Bartlett's test of sphericity yielded avalue of 6447.838
(df =66, p <.000). The factor structure which emerged was quite similar to the one for the CRM

and technical performance ratings. However, this time four principa components emerged. These
four components account for approximately 68 percent of the observed variance. Asinthe previous
analysis, thefirst component included the PIC and SIC ratings from the " Cruise" and "Descent” event
sets. Again, the second component included the PIC and SIC ratings from the "Pre-Departure” and
"Taxi-Out" event sets. Thethird component, however, included only theitems"Approach” event set.
The fourth and fina component was comprised of PIC and SIC ratings on the "Taxi-Out" and
"Climb" event sets.

Path Analyses. Finaly, theinstructor/evaluators rating process was compared to the carrier’s
standard operating procedures using path analytic techniques. The path analyses were performed
according to specifications set forth by Cohen & Cohen (1983) and Pedhazur (1982). Although
statistically significant, the observable behaviors were less strongly related to crew-level CRM and
technical performance ratings than expected (overall R? valueswere .145 and .133, respectively). As
expected, however, crew-level CRM and technical performance ratings were moderately related to
individual PIC and SIC ratings, (overall R? values were .455 and .442, respectively). Summary

results for the six path analyses are presented in Table 8.
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Mediationa tests were performed using Baran and Kenny’s (1986) three-step procedure.
First, each criterion variable (either PIC or SIC ratings) was regressed on the independent variables
(observable behaviors). Next, each criterion variable was regressed on the mediator variables (CRM
and technical performance ratings). Finaly, the criterion variables were regressed on both the
mediator and independent variables entered as a block.

As each Event Set has two dependent variables (CRM and technical performance), twelve
separate mediational tests were performed. In general, these tests suggested the presence of fully
mediated relationships, asthe effect of observable behaviorson PIC and SIC ratings occurred largely
through the intervening CRM and technical ratings (Baran & Kenny, 1986). Although the observable
behaviors did exhibit statistically significant incrementsin predictive validity, they were al less than
one percent of incremental variance. The high degree of statistical power for these analyses, coupled
with the small incremental effects for observable behaviors, suggest that these relationships can be
considered fully-mediated.

Post Hoc Tests. For administrative reasons, the LOE at this particular carrier was specifically
designed to emphasi ze the assessment of CRM proficiency, as opposed to technical proficiency. This
isdueto the fact that technical proficiency isassessed during a previous day of quaification training
intheform of aManeuver Validation. During maneuver validation, crews are required to perform a

number of complex safety maneuvers in the smulator, and are assessed as individuals for their
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technical performance.

Therefore, we decided to test the rel ative efficacy of CRM and technica proficiency ratingsas

predictors of PIC and SIC ratings. For each event set, we tested for significant differences between
the beta weights of CRM and technical proficiency using equations developed by Cohen & Cohen
(2983). Of thetwelve statistical tests, six revealed statistically ggnificant results, with greater weight
typically being afforded to CRM proficiency ratings (see Table 9).

In general, the results suggest that instructor/evaluators weight CRM proficiency higher than
technical proficiency intheir overall ratings of PIC (.406 vs. .289, respectively) and SIC performance
(.406 vs. .276, respectively).
Discussion

Theresultswere mixed. Some of the results were disheartening, such asthe factor structure
of the observable behaviors. For example, subject matter experts had specifically developed the LOE
such that all observable behaviors were linked to specific knowledges, skills, and abilities (KSAS)
required for effective performance. Therefore, given the relatively large number of KSAS, the un-
interpretable nature of the factor analysis was unexpected.

The factor analytic results could have turned out many ways: a "genera” factor could have
emerged, asmplex matrix based on phase of flight could have emerged, asmplex matrix based on

behavioral requirements could have emerged, etc. However, none of these occurred. Rather, a
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virtualy un-interpretable solution was discovered, regardiess of the statistical technique used. The
observed results are not inconsi stent with the hypothesisthat the instructor/eval uators were incapable
of distinguishing among the observable behaviors, regardless of the phase of flight and/or the specific
KSA under consideration.

Other resultswere more promising. For example, the results of the two other factor analyses
(CRM/technical performance, and PIC/SIC ratings) were not unexpected. Although no a priori
rationale was provided as to why this particular configuration would emerge across the two factor
analyses, it was hypothesized that CRM/technical (and PIC/SIC) ratings from different event sets
would be related to one another. Quite simply, thisis due to the fact that performance during early
phases of flight was expected to influence performance during later phases of flight. Also comforting
was the remarkable smilarity between the factor structures of the CRM/Technical ratings and the
PIC/SIC ratings.

Theresults of the path analyses were, however, mixed. Whilethe moderately strong linkages
between crew-level CRM and technical performance and overall PIC/SIC ratings were encouraging,
the relationships between the observabl e behaviors and CRM/technical performance were somewhat
lower than expected. This is especialy troubling given the fact that this rating process was
specifically designed to establish alink between specific, behavioral indicesand crew-level ratings of
CRM performance (e.g., to ensure union acceptance of the evaluation technique).

Armed with the observed results, interviews were scheduled with key informants among the
population of Boeing 757 instructor/evaluators. Based on the interview data, as well as anecdotal

information derived from written comments on L OE evaluation forms, Quality Assurance personnel
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decided to replace the observable behavior ratings with fewer, more general, topic-level ratings.
These topic ratings were designed to occur at a more "natura” level of concept formation, and as
such, be less cognitively demanding on the instructor/evaluators (Rosch, 1975). It was hypothesized
that the reduced cognitive workload would result in more accurate ratings, and in doing so, would
establish astronger link between observable behaviors and crew-level ratings of CRM and technical
performance. As this carrier re-designs it's LOEs on a yearly basis, the switch from observable
behaviorsto topic-level ratings was included in the new LOE (herein referred to as LOE Bravo).
Method

The second study is a conceptua replication and extension of the first. Therefore, the
methodology is essentialy the same as for the previous LOE. As before, evaluations were made in
the same Boeing 757 simulators under similar conditions. Furthermore, the evaluation process
remained the same: while the crew members assumed their norma flight roles, the
instructor/eval uators manipul ated the simul ator, interacted with the crew, and made their evaluations
inrea time.

There are, however, three notable exceptions. First, the LOE content was changed. Thiswas
done to avoid "testing effects’ (Cook & Campbell, 1979), and to comply with regulatory
requirements which prohibit using the same LOE during two successive years (Federal Aviation
Administration, 1990). Second, observable behavior ratings were replaced with fewer, more generd,
topic-level ratings. Finally, a new sample of 837 crews participated in the study. As stated earlier,
however, operational and regulatory constraints render it possible that the subjects from these two

studies are not completely independent.



Internal Structure Validity
27

Results

Prior to testing the congruence between the actual ratings and the corporate standard
operating procedure, preliminary data checks were again made via examination of the descriptive
statistics. The relatively high means and large standard deviations (as can be seen in Tables 10
through 15) suggest that all variables were negatively skewed, although somewhat less than in the
first sample (LOE Alpha). This range restriction should attenuate the observed correlations and
measures of variance explained. Nevertheless, the larger variances should allow for greater
covariation among the observed performance measuresthan in the previous sample. It should a'so be
noted that carrier personnel had also addressed the problem of missing data. Sample sizes for the

following analyses typicaly averaged around 800 crews.

Factor Structure. Principal components analyses were performed to better understand the

underlying data structure. First, the twenty topic-level ratings (across all six event sets) were factor
analyzed using principal components analysiswith avarimax rotation. Preliminary dataquality checks
suggest that the correlation matrix contained a substantial number of non-zero correlations, and as
such, was amenabl e to exploratory factor analyses. For example, the Kaiser-Meyer-Olkin measure of
sampling adequacy yielded a value of .864, and Bartlett's test of sphericity yielded a vaue of
16208.104 (df = 190, p <.000). Both resultsfall within appropriate numerical ranges as suggested by

Tabachnick & Fiddl (1996). A principa components analysis suggested the presence of six
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components which account for approximately 71 percent of the observed variance. These principal
components rotated to simple structure, with the topic-level ratings from each event set loading on
their own unique factors. Only one topic-level rating had a single cross-loading greater than .30.

Next, principal components analyses were performed on the twelve crew-level CRM and
technical performance ratings (across the six event sets). Again, preliminary data quality checks
suggest that the correlation matrix was amenable to factoring. The Kaiser-Meyer-Olkin measure of
sampling adequacy yielded a value of .708, and Bartlett's test of sphericity yielded a value of
11595.342 (df = 66, p<.000). Again, thesevaluesfall within acceptable mathematical ranges. Four
components emerged, accounting for approximately 73 percent of the observed variance. In general,
simple structure was found; only two items had a cross-loading in excess of .30. Thefirst component
included the CRM and technical ratings from the "Top of Descent to Final Approach” and "Final
Approach to Taxi-In" event sets. The second component included the CRM and technical ratings
from the "Pre-Departure to Taxi-Out" and "Takeoff to Top of Climb" event sets. The third
component included the CRM and technical ratings for the "Reaching Top of Climb to FL280" event
set. Thefourth and final component included the CRM and technical ratings for " Takeoff to Top of
Climb" and "Dangerous Goods Incident" event sets.

Finaly, principal components analyseswere performed on thetwelve PIC and SIC (acrossthe
Six event sets). Again, the correlation matrix exhibited desirable statistical properties, suggesting that
it was amenable to exploratory factor analyses. The Kaiser-Meyer-Olkin measure of sampling
adequacy yielded avalue of .680, and Bartlett's test of sphericity yielded avalue of 13838.224 (df =

66, p < .000). As before, the solution rotated to simple structure, with only two items exhibiting
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cross-loadings in excess of .30. However, the factor structure which emerged was somewhat
different from the one on the CRM and technical performance ratings. Five principal components
emerged. These five components account for approximately 83 percent of the observed variance.
Like the previous anaysis, the first component included the PIC and SIC ratings from the "Top of
Descent to Final Approach” and "Final Approach to Taxi In" event sets. The second component
included the PIC and SIC ratings from the "Final Approach to Taxi In" and "Dangerous Goods
Incident" event sets. The third component was composed of the PIC and SIC ratings for the
"Reaching Top of Climb to FL280" event set. The fourth component was comprised of PIC and SIC
ratings on the "Takeoff to Top of Climb" event set. Thefifth and final component was composed of
the PIC and SIC ratings for the "Pre-Departure to Taxi-Out" event set.

Path Analyses. Finaly, theinstructor/evaluators rating process was compared to the carrier’s
standard operating procedures using path anaytic techniques. Again, the path analyses were
performed according to specifications set forth by Cohen & Cohen (1983) and Pedhazur (1982). As
in LOE Alpha, the topic-level ratingswere only moderately related to crew-level CRM and technical
performance ratings (overall R? valueswere .165 and .169, respectively). However, crew-levd CRM
and technical performance ratings were much more strongly related to individual PIC and SIC ratings,
with R? values being .624 and .561, respectively. Summary results for the six path analyses are

presented in Table 16.
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Finaly, mediational tests were performed using Baran and Kenny’'s (1986) three-step
procedure. First, each criterion variable (either PIC or SIC ratings) was regressed on the independent
variables (topic-level ratings). Next, each criterion variable was regressed on the mediator variables
(CRM and technical performanceratings). Finaly, the criterion variables were regressed on both the
mediator and independent variables entered as a block.

As each Event Set has two dependent variables (CRM and technical performance), twelve
separate mediational tests were performed. In general, these tests suggested the presence of fully
mediated relationships, as the effect of topic-level ratings on PIC and SIC ratings occurred largely
through the intervening CRM and technical ratings (Baran & Kenny, 1986). Although the topic-leve
ratings did exhibit statistically significant incrementsin predictive validity, they wereall lessthan one
percent of additional variance. Given the high degree of statistical power available, and the small
incremental effects, these relationships can be considered essentially fully-mediated.

Post Hoc Tests. Again, therelative efficacy of CRM and technical proficiency of PICand SIC
performance ratings was assessed. In general, the results suggest that instructor/eval uators weight
CRM proficiency much higher than technical proficiency intheir overal ratingsof PIC (.451 vs. .325,
respectively) and SIC performance (.459 vs. .272, respectively), with nineof thetwelvetestsreaching

statistical significance (see Table 17 for more information).
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Practically speaking, the results provide converging evidence to support the usefulness of the LOE
evaluation procedure. Specifically, the LOE was designed to assess CRM, as opposed to technical
proficiency, and appears to do just that.

Discussion

Theresults from the LOE Bravo were quite different from LOE Alpha. For example, unlike
the observabl e behaviors, which emerged asten uninterpretabl e factors, the topic-level ratingscleanly
emerged as Six separate factors (by their respective event sets). Thisis encouraging, as the LOE
Bravo was specifically designed to minimize the instructor/evaluators cognitive workload”. The
observed factor structure of the topic-leve ratingsindicrectly suggeststhat instructor/evaluators can
distinguish among behavioral indices (e.g., topic-level ratings) of CRM performance. Inthiscase, the
instructor/evaluators were apparently making their distinctions based on phase of flight.

The factor structures for the CRM/Technical performance ratings and PIC/SIC ratings,
however, were somewhat unexpected. Unlike, LOE Alpha, in which the two factor structures were
identical, the factor structures for LOE Bravo were somewhat different. The implications of this
remain unclear; although current efforts are underway to identify causes for these relationships.

Most importantly, however, the path analytic results suggest that instructor/evaluators were
able to link behavioral indices with overal, crew-level evaluations of CRM performance.

Furthermore, the effect of behavioral indices (topic-level ratings) on summary ratings (PIC and SIC)
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occurred entirely through the effect of crew-level CRM and technical performanceratings. Theresults
of the mediated tests (from both L OES) suggest that the instructor/eval uators were using the specified
evaluation process as it was designed.

Like al studies, however, this one asks more questions than it answers. First, while the
linkage between concrete behaviora examples and CRM/technical performance was both practicaly
and statisticaly significant, they are till much lower than expected. Given that both observable
behaviors and topic-level ratings account for only about 15 percent of the observed variancein CRM
and technical performance, the logical question is "what is accounting for the other 85 percent?".
Unfortunately, the only answers that we can offer are speculative.

Firgt, it must be noted that the behavioral examples were never meant to be an exhaustivelist.
Therefore, there may be additional topics/behaviors (not listed on the evaluation worksheet) that
account for the "error" variance. Follow-up anayses, such as focus groups meetings between
instructor/evaluators and L OE developers may shed some light on this hypothesis.

Second, even though the topic-level ratings exhibited higher variances than their observable
behavior counterparts, a substantial degree of range restriction still remained, which may serve to
depressthe covariances among the measures. Given operational (e.g., the physical conditions under
which ratings were made) and administrative constraints (e.g., this was a "jeopardy" evaluation of
maximal performance) the observed results may very well represent a "celling effect” between
behavioral indices and crew-level evaluations. This would not be uncommon, as the performance
appraisa literature has consitently shown that it isextremely difficult to obtain accurate performance

ratings (Murphy & Cleveland, 1995). Again, follow-up analyses must be performed to directly test
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this hypothesis. If range restriction does not occur under non-jeopardy conditions, such asaLine
Oriented Flight Training (LOFT), when presumably crews are performing under typical levels of
motivation, this would provide corroborating evidence for the "administrative use" hypothesis.

Nevertheless, the observed resultsare encouraging. Specificaly, it isencouraging to note that
under conditions of (presumably) lower cognitive workload, instructor/evaluators' ratings of crew
performance exhibited a more diversified factor analytic structure, and stronger path analytic results
were observed in the rating process. However, we do recognize the need to replicate these results
with different fleets, different evaluators, and different LOE content to ensure externa
generalizability.

One question that remains unanswered, however, concerns the nature of the PIC and SIC

performance ratings. Although designed to be individua-level ratings, they exhibit some degree of

"crewness', as evidenced by the high intra-class correlations. The logical question then becomes
"what exactly arethey measuring"? At thistime, we can offer no definitive answers. Clearly, they are
not identical with CRM and technical proficiency ratings; if they were, the R values obtained from
the path analyses would have been much higher. This remains a vexing administrative issue,
especidly if such ratings are used for human resource purposes such as promotion/disciplinary
actions.

Finally, the LOE rating process and the associated statistical techniques discussed herein
represent an important advance in the evaluation of CRM performance in LOS environments. By
exploring the underlying patterns of ratings, aswell astheir correspondenceto the carrier’ s standard

operating procedures, both researchers and fleet personnel can be more confident in the results that
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they obtain. Furthermore, by noting which aspects of the LOE evaluation (statistically) did/did not
work as planned, the results also suggest areas for improvement during the development of future
LOEs. Therefore, we propose that when evaluating CRM performance data, these analyses be
performed asinitial "datachecks" prior to performing other multivariate tests of statistical inference.
Conclusions and Recommendations

At the beginning of this paper, we noted that the existing body of CRM training evaluation
research is deficient. For example, it has been suggested that there is reason to believe that the
relationship between attitudes and measures of typical job performanceisrelatively weak (Alliger et
a. 1997). Likewise, evaluation studieswhich rely on measures of maxima performance, such asLOE
ratings, may be subject to anumber of serious statistical errors, such asrangerestriction. So, what are
we to make of all this?

Let us begin by reminding the reader that CRM research is arelatively new field of inquiry.
Like all fields of research during their "adolescence”, CRM training and evaluation will experiencea
number of growing pains. Fortunately, signs of improvement are on the horizon. For example, recent
work by Holt and colleagues (George Mason University, 1996; Williamset al, under review; Holt et
a., 1996) have provided methods such as Inter-Rater Reliability (IRR) training to assist
instructor/evaluators in making ratings which are not only consistent with one another, but are also
sensitive to differences between crews of varying performance levels. Current projects by Johnson,
Goldsmith and colleagues (personal communication) and Baker and colleagues (persona
communication) are extending this work by attempting to train evaluators to a "gold standard” of

accuracy (e.g., referent rater reliability or RRR). Although we recognize the limitations of
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psychometric theory to performance evauation (Murphy & Cleveland, 1995), we believe that the
integration of these two lines of rater training has the potential to enhance the accuracy of future
evauation efforts. At the same time, future IRR and RRR research should incorporate the multi-
dimensional nature of rating accuracy in their analyses and training procedures (Chronbach, 1955;
Murphy & Balzer, 1989).

Similarly, work by Holt et a. (1998) has shown the promise of using "triangulation”
procedures to make up for the deficiencies of individual methodological techniques. While we
recognize the increased cost of doing so, we encourage other researchers to adopt similar multi-
method evaluation designs. Quite smply, we believe that such techniques represent the surest way to
determine whether or not CRM training programsare, in fact, meeting organizational and regulatory
criteria for effectiveness. Further, we believe that until such techniques become the norm, CRM
research will be harshly criticized on methodological grounds.

Finally, we are pleased to notice the re-introduction of well-articulated theoretical modelsinto
the CRM literature (Helmreich, 1998; Helmreich & Merritt, 1998). Thisisalong overdue addition
to the field. Much like the socia psychological research of the 1950's and 1960's, we fear that
without integrative theory, CRM research will proceed along stagnant lines of restrictive research.
Abovedl, wefed that the introduction of well-articulated theoretical modelswill do much to dispel
the notion that CRM training isjust "another management fad".

In summary, thereismuch to be critical about the current state of CRM research. At the same
time, there is also much promise. The introduction of new rater training techniques, the use of

"triangulation” designs, and the re-emergence of theory are al causes for celebration.
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Notes

Note#1: All exploratory factor analyses were performed using principal componentsanalysis
with varimax rotation. While a number of different extraction and rotation techniques were
performed, all yielded remarkably similar results. Furthermore, all solutions required fewer than 20
iterations to converge, thereby suggesting mathematically stable results.

Note#2: Given operational constraints, adirect test of the cognitive workload hypothesiswas
not possible. However, indirect support for this conclusion is provided by interviews with the
instructor/evaluators, archival data derived from LOE evaluation forms, and the marked changesin

both factor structures and estimates of effect size.
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A Comparison of Topic-Level Ratings and Observable Behaviors (Matched for Event Set

Content

LOE Alpha (Topic-Level Ratings)

L OE Bravo (Observable Behaviors)

Pre-Departure to Taxi Out

Captain ensures pre-departure tasks are complete.
Crew members advocate correct and relevant plan.
Crew recognizes clearance change on the PD.

Crew members contribute information concerning all...

Take-Off to Top of Climb

Runway changeis discussed with each crew member.

Crew members take initiative to compl ete tasks necessary . ..

Information is transmitted with sufficient time.

Top of Climb to FL 280
Crew articulates increased fuel burn and sets...
monitors current fuel state.

Pre-Departure
Captain and crew discuss the effects the forecast...
Each crew member contributes information concerning

all aspects of the operation.

Crew discussion about the turbulence includes
contingencies.

Cockpit environment exists for all crew membersto
openly express ideas.

Captain ensures al pre-departure tasks are compl eted
per SOP.

Taxi Out

Runway change is discussed/performance datais
reviewed to determine....

Information is contributed by al crew members and
decision to accept or reject...

Crew members take initiative to complete all tasks
and ensure the...

If overloaded, crew members bring to attention of the
rest of the crew.

Climb
Crew correctly copies and reads back the route

changeto San...

Before deciding to accept the new clearance, crews
review the new routing.

The PNF enters the route change, if accepted into the
FMC and crew members...

When new information isreceived, it isused to
critique previous decisions.

Note. Ellipsesare used to indicate additional text information (whichisunavailable) dueto character
limitations in the Microsoft Access database from which they were extracted.



Table 1 (Continued)

Internal Structure Validity
41

LOE Alpha (Topic-Leve Ratings)

L OE Bravo (Observable Behaviors)

Dangerous Goods Incident

Crew acknowledges flight attendants report.
Captain uses al information gathered.
Environment exists for crew membersto freely...
Crew correctly identifies problem, advocates...

Top of Descent to Final Approach
Crew members openly express concerns.
Crew members verify all messages between members.

Cruise

Crew recognizes the EICAS message and correctly
interprets its meaning.

Cockpit environment exists for crew membersto openly
express idess.

After discussion withthe FO, ATC, Dispatch, and SAM,
Captain considers....

Crew members maintain awareness of workload
conditionsin themselves.

Operational decisions are clearly stated to dl affected
parties.

Crew discusses implications the engine configuration
has on it's fina approach.

When new information is received, it is used to
critique previous decision.

Descent
Crew verbalizes recognition of the increasing oil

temperature.

Crew members continue to advocate plans with clear... Crew recognizes implications a single engine has and

Continued use of critique provides crew information.

Final Approach to Taxi-In

reviews previous...

Operational plans and decisions are clearly stated and
other crew members

Crew divides cockpit into PF and PNF duties. Each
crew member monitors.

Crew sets bottom lines along diversion plansto
monitor their progress

Crew members assume tasks to ensure the aircraft is
ready for the approach.

Approach

Crew members use previously-defined points and so... Crew flies the approach and landing as previously

Crew members take initiative to complete all tasks.
Crew members continue to communicate task priorities.

briefed.

Crew continues to monitor their progress towards
previously established goals.

Crew conducts extensive approach briefing. Captain
assumes all procedures...

Crew members take initiative to complete all tasks
necessary to ensure...

Crew members clearly communicate ideas, opinions,
and tactical decisions.

If unable to accept clearance, crew immediately
requests...
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Figure Caption
Figure 1. Graphical depiction of the carrier’s standard operating procedure (SOP) for making

individual- and crew-level performance ratings during an Event Set.



